###### Significance of this study

What is already known about this subject?
=========================================

-   The Hypoglycemia Fear Survey-II (HFS-II) is a valid and reliable measure of hypoglycemia fear in USA and Europe.

What are the new findings?
==========================

-   Our study demonstrated that the adapted HFS-II is a valid and reliable instrument to determine hypoglycemia fear among insulin-treated persons with type 1 and type 2 diabetes mellitus in Singapore.

How might these results change the focus of research or clinical practice?
==========================================================================

-   The adapted HFS-II may be used as an outcome measure in future studies of interventions to reduce fear of hypoglycemia in Singapore.

Introduction  {#s1}
=============

Diabetes mellitus is increasingly prevalent in the Asia-Pacific region. In Singapore, the prevalence of diabetes increased from 8.2% in 2004 to 11.3% in 2010.[@R1] Intensive glycemic therapy prevents diabetes-related microvascular complications[@R2] and cardiovascular disease.[@R4] However, attempts to intensify therapy often results in increased frequency of hypoglycemia.[@R6]

Hypoglycemia is a common adverse event associated with treatment of type 1 and 2 diabetes, especially for patients receiving insulin secretagogues or insulin, or patients with profound endogenous insulin deficiency, such as in type 1 or advanced type 2 diabetes.[@R7] Hypoglycemia is a major barrier to achieving optimal glycemic control.[@R8] Intensifying treatment often increases hypoglycemic events.[@R9] Patients with type 1 diabetes in The Diabetes Complications and Controls Trial and patients with type 2 diabetes in the UK Prospective Diabetes Study (on intensive therapy had significantly increased rates of major hypoglycemic episodes compared with patients on conventional therapy.[@R2]

Hypoglycemia can occur unpredictably; symptoms range from unpleasant to potentially dangerous. Unsurprisingly, many patients with diabetes significantly fear hypoglycemia. Patients may engage in overcompensatory behaviors to avoid hypoglycemia, including reducing insulin dosages or eating excessively.[@R10] These behaviors adversely affect metabolic control, increasing risks of diabetes-related complications. Patients with significant hypoglycemia fear have greater psychological distress and a poorer quality of life.[@R11] It is important to have a valid and reliable instrument to quantify fear of hypoglycemia, as this may facilitate targeted interventions to reduce this fear.

The original Hypoglycemia Fear Survey (HFS)[@R12] was developed in USA in 1987 to assess the levels of fear related to hypoglycemia. The latest revision of the survey, HFS-II, is a valid and reliable measure of fear of hypoglycemia.[@R13] It consists of two subscales: Behavior (HFS-B) and Worry (HFS-W). The HFS-II has been validated for use in many languages and countries.[@R13] Our study aimed to examine the psychometric properties of HFS-II for adults in Singapore.

Research design and methods {#s2}
===========================

Study population and setting {#s2a}
----------------------------

Eligible patients included those with type 1 or 2 diabetes on insulin therapy for at least 1 year at the time of the survey, and on active follow-up at the Diabetes Centre at Singapore General Hospital. Patients who were under 21 years of age, unable to communicate in English or Chinese, prisoners or nursing home residents, pregnant, or had cognitive impairment were excluded.

Eligible patients were approached consecutively by a research coordinator during a visit to the Diabetes Centre between September and December 2013. [Figure 1](#F1){ref-type="fig"} details the recruitment process.

![Recruitment and outcomes.](bmjdrc-2016-000329f01){#F1}

The first 50 patients who completed the HFS-II in English were asked to complete the HFS-II again 2 weeks later, to establish test--retest reliability. Forty-two patients agreed, of which 22 returned the follow-up HFS-II questionnaire by post.

Sample size {#s2b}
-----------

A sample size of 150 was chosen to validate the HFS-II in Singapore. There is no standard formula to calculate the appropriate sample size for validation and refinement of assessment tools, but there are two commonly used rules researchers in this field tend to follow: at least 100 participants or 5--10 participants per variable. There is also evidence that samples of 150 produce accurate solutions if at least 10 variables load at. 40 on each factor.[@R17] Given that both factors in the HFS-II had 10 or more variables with a loading of at least 60 in its validation using the US sample,[@R13] we determined that a sample of 150 was sufficient.

Content validity {#s2c}
----------------

The HFS-II questionnaire was adapted and translated into Mandarin using the nine-step procedure recommended for cross-cultural adaptation of patient-reported outcomes research by Wild *et al* [@R18] This involves forward translation, backward translation, and harmonization of translated and original questionnaires. To establish content validity, we conducted cognitive interviews using the original English version of HFS-II and its Mandarin translation with eligible patients. Appropriate changes were made based on interview results. Input was sought from experts in the field to establish the final version of the questionnaire. To maintain the instrument's integrity, we sought approval from the developers of the instrument for all changes made to the English version.

Concurrent and discriminant validity {#s2d}
------------------------------------

Anxiety and depression were selected to establish concurrent validity. We hypothesized positive correlations between HFS-II, HFS-B, and HFS-W scores and anxiety and depression scores. Recent history of severe hypoglycemia and status of glycemic control were selected to establish discriminant validity. We hypothesized that patients with a history of severe hypoglycemia have higher HFS-II and HFS-W scores than those without. As maladaptive behaviors may undermine blood glucose control, we hypothesized that those with poor glycemic control have higher HFS-II and HFS-B scores. As worries may translate into either adaptive or maladaptive behaviors, the relationship between HFS-W scores and the status of glycemic control is uncertain.

Construct validity {#s2e}
------------------

Construct validity was assessed using confirmatory factor analysis (CFA) to test the fit between the original two-factor structure and our data according to established statistical criteria. Exploratory factor analysis (EFA) was performed after the two-factor structure could not be confirmed by our data.

Measurements {#s2f}
------------

Fear of hypoglycemia was measured by the HFS-II adapted for use in Singapore. The original HFS-II has 33 items and two subscales: HFS-B (Behavior subscale) and HFS-W (Worry subscale). The 15 items in HFS-B measure behaviors aimed at avoiding hypoglycemia and its possible negative consequences. The 18 items in HFS-W measure various aspects relating to hypoglycemic episodes that provoke anxiety. The items are rated on a five-point Likert scale ranging from 0 (never) to 4 (always). The HFS-II subscale scores and total score are sum scores of all or relevant subset of items ranging 0--60, 0--72, and 0--132 for the HFS-B, HFS-W, and HFS-II, respectively. Higher scores indicate higher fear of hypoglycemia.

Severity of anxiety was assessed using the Generalized Anxiety Disorder-7 scale (GAD-7).[@R19] GAD-7 is a seven-item scale that assesses the presence of anxiety symptoms over the preceding 2 weeks. Responses are rated from 0 (not at all) to 3 (nearly every day). Higher scores indicate more symptoms of anxiety. GAD-7 has good psychometric properties and is used as a screening tool for generalized anxiety disorder in various countries, including Singapore. Severity of depression was assessed using the Patient Health Questionnaire-9 (PHQ-9).[@R20] PHQ-9 is a nine-item scale that assesses the presence of each of the nine DSM-IV criteria for depression over the preceding 2 weeks. Responses are rated from 0 (not at all) to 3 (nearly every day). PHQ-9 scores of 5, 10, 15, and 20 represent mild, moderate, moderately severe, and severe depression, respectively. It is used for making criteria-based diagnoses of depressive disorders and is a reliable and valid measure of depression severity used in various countries, including Singapore.

Demographic data were collected from the participants ([table 1](#T1){ref-type="table"}). Clinical information on the type and duration of diabetes, type and duration of insulin treatment, and most recent haemoglobin A1c (HbA1c) reading assessed using a third-generation immunoturbidimetric assay (Tina-Quant HbA1c Gen.3, Roche) was collected from medical records. Self-reported hypoglycemic events, including severe hypoglycemia in the preceding 12 months, moderate hypoglycemia in the preceding 6 months, and mild hypoglycemia in the preceding 1 month were obtained using the Hypoglycemia History Questionnaire that accompanies the HFS-II instrument.

###### 

Sample characteristics (n=144)

  ---------------------------------------------------------------------------------------------------------------
                                                                             n (%) or mean (SD) or median (IQR)
  -------------------------------------------------------------------------- ------------------------------------
  Age in years                                                               45.9 (14.2)

  Gender                                                                     

   Female                                                                    72 (50.0)

   Male                                                                      72 (50.0)

  Ethnicity                                                                  

   Chinese                                                                   93 (65.0)

   Malay                                                                     16 (11.1)

   Indian                                                                    28 (19.4)

   Other                                                                     7 (4.9)

  Education\*                                                                

   Primary school or lower                                                   14 (9.8)

   Secondary school or lower secondary school                                34 (23.8)

   Post-secondary (non-tertiary) general or vocational diploma               28 (19.6)

   Polytechnic diploma, professional qualifications or other diploma         35 (24.5)

   University degree or above                                                32 (22.4)

  Type of diabetes                                                           

   Type 1                                                                    49 (34.0)

   Type 2                                                                    95 (66.0)

  Duration of diabetes in years                                              14.8 (8.7)

  Duration of insulin treatment in years                                     9.2 (7.8)

  Most recent HbA1c reading before the survey (%/(mmol/mol))                 8.9 (1.8)/74

  Language of survey                                                         

   English                                                                   122 (84.7)

   Mandarin                                                                  22 (15.3)

  History of hypoglycemic events                                             

   Number of severe hypoglycemic events\                                     0 (0--1)
  (in the 12 months before the survey)                                       

   Number of moderate hypoglycemic events\                                   1 (0--3)
  (in the 6 months before the survey)                                        

   Number of mild hypoglycemic events\                                       1 (0--2)
  (in the 1 month before the survey)                                         

  Proportion of patients experiencing hypoglycemic events (%)                

   At least one severe hypoglycemia episode in the preceding 12 months       29

   At least one moderate hypoglycemia episode in the preceding 6 months      50

   At least one mild hypoglycemia episode in the preceding 1 month           57

  Insulin regimen (type 1 diabetes mellitus)                                 

   Premixed insulin (≥2 injections per day)±lunchtime quick-acting insulin   1 (2.0)

   Basal-bolus insulin regimen                                               48 (98.0)

  Insulin regimen (type 2 diabetes \                                         
  mellitus)                                                                  

   Basal insulin only with oral glucose-lowering agents                      10 (10.5)

   Premixed insulin (≥2 injections per day)±lunchtime quick-acting insulin   62 (65.3)

   Basal-bolus insulin regimen                                               22 (23.2)

   Insulin pump therapy                                                      1 (1.1)
  ---------------------------------------------------------------------------------------------------------------

\*One respondent did not answer the education level question.

Ethical considerations {#s2g}
----------------------

The study was approved by the SingHealth Centralized Institutional Review Board (Ref no 2013/522/C). Informed consent was obtained from each participant.

Statistical analysis {#s2h}
--------------------

Proportion, mean (SD), and median (IQR) were obtained to describe categorical and continuous variables as appropriate.

CFA was performed using Stata V.12.1 to test the construct validity of the HFS-II followed by EFA to explore the factor structure underlying our data after the two-factor structure of the original instrument could not be confirmed by CFA. We used the conventional cutoffs of root mean squared error of approximation (RMSEA) \<0.06, Tucker-Lewis Index (TLI) \>0.095, Comparative Fit Index (CFI) \>0.95 and standard root mean square residual (SRMR) \<0.08 as a good model fit.[@R21] We used the eigenvalue ≥1 criterion, supplemented with judgment based on inspection of the scree plot, and the total amount of variance explained to determine the number of factors to retain. We considered an item with a loading ≥0.3 to load onto a factor.

Concurrent validity of HFS-II was assessed by Pearson correlation coefficients of the HFS-II, HFS-B, and HFS-W scores with GAD-7 and PHQ-9 scores. Discriminant validity was assessed using one-way analysis of variance of the HFS-II, HFS-B, and HFS-W scores by the status of glycemic control (HbA1c ≥7.5% or HbA1c \<7.5%), and history of hypoglycemic episodes (yes/no).

Internal consistency of the HFS-II as a whole and the HFS-B and HFS-W subscales was assessed using Cronbach's α. Values ≥0.70 are deemed satisfactory. Test--retest reliability was assessed using intracluster correlation coefficient (ICC) between the HFS-II, HFS-B, and HFS-W scores obtained at first assessment and those obtained 2 weeks later.

Results {#s3}
=======

Sample characteristics {#s3a}
----------------------

After excluding six patients who did not complete the HFS-II instrument, the final sample for analysis contained 144 patients ([table 1](#T1){ref-type="table"}).

Mean HFS scores {#s3b}
---------------

The mean (SD) of the HFS-II scores was 24.40 (17.92) and the respective mean (SD) scores for HFS-B and HFS-W were 9.90 (7.95) and 15.12 (13.62). There was no floor or ceiling effect in the full HFS-II or its two subscales. There was a strong Pearson correlation between HFS-B and HFS-W (r=0.515, p\<0.01). Both subscales were also strongly correlated with the full HFS-II (r~HFS-B\ &HFS-II~=0.788, p\<0.01; r~HFS-W\ &\ HFS-II~=0.933, p\<0.01). The mean (SD) HFS-II, HFS-B, and HFS-W scores were 27.37 (19.05), 10.35 (6.97), and 17.02 (13.62) for patients with type 1 diabetes and 23.24 (18.93), 9.23 (7.89), and 14.01 (13.79) for patients with type 2 diabetes, respectively. Differences in scores were not statistically significant between patients with type 1 and type 2 diabetes.

The proportion of patients experiencing severe hypoglycemia was higher in patients with type 2 diabetes (34.0% vs 20.4%). The proportion of patients experiencing moderate hypoglycemia was higher in patients with type 1 diabetes (58.3% vs 46.2%). These differences were not statistically significant. The proportion of patients experiencing mild hypoglycemia was significantly higher in those with type 1 diabetes (71.4% vs 48.9%).

Content validity {#s3c}
----------------

Changes were made to 17 of the 33 items in the HFS-II instrument based on findings from cognitive interviews to render the instrument more culturally appropriate for patients in Singapore ([table 2](#T2){ref-type="table"}). All items were modified to end with 'to avoid having low blood sugar' or 'due to concerns about having low blood sugar'. All items in the HFS-W subscale were modified to begin with 'worried about'. These expansions were in response to a key finding from cognitive interviews that patients tended to forget the instructions which provide the context to make sense of these items. All changes were approved by the developers of the instrument.

###### 

Changes made to HFS-II following cognitive interviews

            Original HFS-II                                                    HFS-II modified for Singapore
  --------- ------------------------------------------------------------------ ---------------------------------------------------------------------------------------------------------
  HFS-B1    Ate large snacks                                                   Ate larger than usual snacks
  HFS-B2    Tried to keep my blood sugar above 150 mg/dL                       Tried to keep my blood sugar above 8.3 mmol/L
  HFS-B6    Limited my out of town travel                                      Limited my overseas travel
  HFS-B7    Limited by driving (car, truck, or bicycle)                        Limited my driving (car, truck, bicycle) or operating a machine
  HFS-B13   Kept my blood sugar higher than usual in social situations         kept my blood sugar higher than usual while interacting with others
  HFS-B14   Kept my blood sugar higher than usual when doing important tasks   Kept my blood sugar higher than usual when doing important tasks ('eg, attending a meeting or cooking')
  HFS-B15   Had people check on me several times during the day or night       Had people check on me several times a day
  HFS-W3    Passing out in public                                              Fainting in public
  HFS-W5    Having a hypoglycemic episode while alone                          Having a low blood sugar episode while alone
  HFS-W7    Losing control                                                     Losing control of thoughts, emotions or behavior
  HFS-W8    No one being around to help me during a hypoglycemic episode       No one being around to help me during a low blood sugar episode
  HFS-W9    Having a hypoglycemic episode while driving                        Having a low blood sugar episode while driving
  HFS-W11   Getting a bad evaluation or being criticized                       Leaving a bad impression on others
  HFS-W12   Difficulty thinking clearly when responsible for other             Difficulty thinking clearly when I need to take care of others
  HFS-W13   Feeling lightheaded or dizzy                                       Feeling giddy
  HFS-W16   Low blood sugar interfering with important things I was doing      Low blood sugar interfering with important things I was doing ('eg, Attending a meeting or cooking')
  HFS-W17   Becoming hypoglycemic during sleep                                 Low blood sugar episode

Internal consistency {#s3d}
--------------------

The Cronbach's α coefficient for HFS-II was 0.93 with all corrected item-total correlation coefficients \>0.2 except for two items: HFS-B3 and HFS-B4. The Cronbach's α coefficients for HFS-B and HFS-W were 0.84 and 0.95, respectively with all corrected item-total correlation coefficients \>0.2 for HFS-B and \>0.4 for HFS-W. These suggest that both the full HFS-II and its two subscales have good internal consistency reliability. Test--retest reliability measured by ICC was 0.751 for the total HFS-II (n=18), and 0.627 (n=18) and 0.723 (n=22) for HFS-B and HFS-W, respectively, indicating adequate temporal reliability.

Construct validity {#s3e}
------------------

The CFA yielded model fit statistics as RMSEA=0.094, CFI=0.777, TLI=0.762, SRMR=0.081, suggesting poor fit between the two-factor structure in the original instrument and our data. Subsequent EFA using principal components extraction method and Varimax rotation method extracted seven factors with eigenvalue \>1, but the scree plot suggested four likely solutions: one-factor to four-factor solutions. We examined all four solutions starting with one factor only. The forced one-factor model explained 34.74% of the total variance among the 33 items, but four items HFS-B2, HFS-B3, HFS-B4, and HFS-B7 had loadings\<0.3 on the factor.

In the forced two-factor solution, all the 18 HFS-W items and item HFS-B1 loaded onto the first factor. HFS-B3 did not load on either of the two factors using the criterion of factor loading \<0.3. Only one item HFS-B11 slightly cross-loaded (factor loading \>0.3) on both factors (factor loading on the first and second factor: 0.303 and 0.706, respectively). The two factors explained 44.22% of the total variance, an increase of approximately 10% from the one-factor solution.

In the forced three-factor and four-factor solutions, all the 18 HFS-W items continued to load onto the first factor, but the 15 HFS-B items started to split into two different factors. In the three-factor solution, all 18 items from the HFS-W subscale formed the first factor, eight items from the Behavior subscale (HFS-B5, HFS-B6, HFS-B8, HFS-B9, HFS-B10, HFS-B11, HFS-B12, and HFS-B15) formed the second factor, and the remaining seven items (HFS-B1, HFS-B2, HFS-B3, HFS-B4, HFS-B7, HFS-B13, and HFS-B14) formed the third factor. While the two factors emerging from the HFS-B subscale have relatively distinct meanings (the second factor comprises self-regulation of diet and treatment regimen and the third factor comprises self-imposed sanctioning of activities), seven items from different factors cross-loaded on two factors (factor loadings \>0.3), but there was no item left unclassified with a loading \<0.3. The three factors accounted for 50.66% of the total variance, a further 6% increase from the two-factor solution. In the forced four-factor solution, HFS-B2 was incorporated into the self-imposed sanctioning of activities component, and HFS-B7 formed a fourth factor. These factors are less interpretable than the other three solutions. While the total variance explained further increased to 55.47%, the number of items cross-loading on two factors also increased to 8, and the factors except the Worry subscale are not easily interpretable.

Weighing the increase in the total variance explained and the interpretability of the factors, we concluded that the three-factor solution is the best model to represent the conceptual structure underlying the 33 items in this sample. It is worth noting that the HFS-W subscale was reproduced in the two-factor, three-factor, and four-factor solutions whereas no one single dimension emerged for the items in the HFS-B subscale. [Table 3](#T3){ref-type="table"} presents EFA results for the three-factor solution.

###### 

Exploratory factor analysis results (n=144)

  HFS-II items   Item content                                                Factor 1   Factor 2   Factor 3
  -------------- ----------------------------------------------------------- ---------- ---------- ----------
  HFS-B1         Ate larger than usual snacks                                0.37                  0.34
  HFS-B2         Keep blood sugar ≥8.3 mmol/L                                           0.37       0.30
  HFS-B3         Reduced insulin dosage when blood glucose (BG) was low                            0.63
  HFS-B4         Measured BG six or more times a day                                               0.33
  HFS-B7         Limited driving or operating machinery                                            0.40
  HFS-B13        Kept BG higher than usual while interacting with others                           0.75
  HFS-B14        Kept BG higher than usual when doing important tasks                              0.75
  HFS-B5         Made sure someone with me when out                                     0.67       
  HFS-B6         Limited overseas travel                                                0.69       
  HFS-B8         Avoided visiting relatives or friends                                  0.75       
  HFS-B9         Stayed home more than I liked                                          0.74       
  HFS-B10        Limited exercise/physical activity                                     0.65       
  HFS-B11        Made sure other people around                               0.32       0.70       
  HFS-B12        Avoided sex                                                            0.59       
  HFS-B15        Had people check on me several times a day                             0.63       
  HFS-W1         Not recognizing low BG                                      0.53                  
  HFS-W2         Not having food, fruit or juice available during low BG     0.50                  0.30
  HFS-W3         Fainting in public                                          0.61                  
  HFS-W4         Embarrassing self, family or friends                        0.71                  
  HFS-W5         Having low BG while being alone                             0.80                  
  HFS-W6         Appearing stupid or drunk                                   0.65                  
  HFS-W7         Losing control of thoughts, emotions or behavior            0.77                  
  HFS-W8         No one around to help during low BG                         0.76                  
  HFS-W9         Low blood sugar episode while driving/operating machinery   0.46                  0.44
  HFS-W10        Making mistakes or having accidents                         0.77                  
  HFS-W11        Leaving a bad impression on others                          0.72                  
  HFS-W12        Difficulty thinking clearly                                 0.77                  
  HFS-W13        Feeling giddy                                               0.73                  
  HFS-W14        Accidentally injuring myself or others                      0.77                  
  HFS-W15        Permanent injury or damage to health/body                   0.75                  
  HFS-W16        Low BG interfering with important things                    0.65                  0.39
  HFS-W17        Having low BG during sleep                                  0.67                  0.32
  HFS-W18        Getting emotionally upset and difficult to deal with        0.76                  

Concurrent and discriminant validity {#s3f}
------------------------------------

There was a weak positive correlation between HFS-B scores and the PHQ-9 and GAD-7 scores, and a moderate positive correlation between HFS-II and HFS-W scores and the PHQ-9 and GAD-7 scores ([table 4](#T4){ref-type="table"}). These were statistically significant. HFS-II and HFS-W scores were significantly higher for those with severe hypoglycemia in the past year than those without (F (1,142)~HFS-II~=7.45, p=0.007); (F (1,142)~Worry~=7.17, p=0.008) with medium effect sizes of 0.49 for HFS-II and 0.47 for HFS-W, respectively. The difference in HFS-B scores between the two groups was not statistically significant (F (1, 142)~Behavior~=3.61, p=0.059) with medium effect size 0.35. Full HFS-II scores and its subscale scores were significantly higher for patients with HbA1c ≥7.5% compared with patients with HbA1c \<7.5% (F(1,139)=6.181, p=0.014; F (1, 142)~Behavior~=6.142, p=0.014; F (1,142)~Worry~=4.038, p=0.046), with large effect sizes of 0.53 and 0.52 for HFS-II and HFS-B, respectively, and a medium effect size of 0.44 for HFS-W. There was a statistically significant difference in item scores between those with and without severe hypoglycemic episodes and between patients with HbA1c ≥7.5% and those with HbA1c \<7.5%, for the full scale and two subscales.

###### 

Correlation coefficients and mean (SD) of HFS-II, HFS-B, and HFS-W scores with external criteria

                                                                                           HFS-II              HFS-B             HFS-W
  ---------------------------------------------------------------------------------------- ------------------- ----------------- -------------------
  Patient Health Questionnaire-9 items depression scores                                   0.367\*\*           0.202\*           0.395\*\*
  General Anxiety Disorder scores                                                          0.410\*\*           0.241\*\*         0.432\*\*
  Had at least one severe hypoglycemia episode in the past 12 months prior to the survey                                         
   Scale                                                                                   30.35 (18.89)\*\*   11.47 (7.15)\*    18.88 (14.18)\*\*
   Item                                                                                    0.97 (0.61)\*\*     0.83 (0.58)\*\*   1.08 (0.81)\*\*
  Had no severe hypoglycemia in the past 12 months prior to the survey                                                           
   Scale                                                                                   21.63 (16.90)       8.88 (7.59)       12.75 (11.81)
   Item                                                                                    0.67 (0.54)         0.59 (0.51)       0.73 (0.70)
  Latest HbA1c                                                                                                                   
   ≥7.5% (58 mmol/mol)                                                                                                           
    Scale                                                                                  26.65 (18.02)\*     10.5 (7.49)\*     16.14 (13.18)\*
    Item                                                                                   0.84 (0.59)\*       0.73 (0.55)\*     0.92 (0.78)\*
   \<7.5% (58 mmol/mol)                                                                                                          
    Total                                                                                  17.63 (16.01)       6.73 (7.02)       10.9 (10.57)
    Item                                                                                   0.55 (0.48)         0.46 (0.46)       0.63 (0.59)

\*p\<0.05; \*\*p\<0.01.

For patients without severe hypoglycemia in the preceding year and for patients with HbA1c \<7.5%, the median item score for both HFS-II and its two subscales was 0, with IQR 1; for patients with at least one severe hypoglycemic event during the same period, the median item score and the IQR for HFS-B were both 0, and the median item score for HFS-II and HFS-W was 1, with IQR 2. For patients with HbA1c ≥7.5%, the median item score for HFS-II and HFS-B was 0, and that for HFS-W was 1. The IQR for HFS-II and HFS-W was 2, and that for HFS-B was 1.

Reliability {#s3g}
-----------

The Cronbach's α coefficient for HFS-II was 0.93 with all corrected item-total correlation coefficients \>0.2 except for two items: HFS-B3 and HFS-B4. Cronbach's α coefficients for HFS-B and HFS-W were 0.84 and 0.95, respectively with all corrected item-total correlation coefficients \>0.2 for HFS-B and \>0.4 for HFS-W. This suggests that the full HFS-II and its two subscales have good internal consistency, but the level of internal consistency for HFS-B is lower than HFS-W. Test--retest reliability measured by ICC was 0.751 for the total HFS-II (n=18), and 0.627 (n=18) and 0.723 (n=22) for HFS-B and HFS-W, respectively, indicating adequate test--retest reliability for the full scale and the two subscales. Test--retest reliability was lower for HFS-B than HFS-W.

Conclusions {#s4}
===========

The purpose of this study was to evaluate the psychometric properties of the Singapore version of HFS-II among patients with type 1 or 2 diabetes who had received insulin therapy for at least 1 year.

The HFS-II instrument demonstrated good content, concurrent, and discriminant validity, but the two-factor structure underlying the original HFS-II could not be confirmed, and therefore its construct validity could not be established based on our sample. But as HFS-W was consistently replicated in the EFA, and the associations between HFS-W and the criterion variables (PHQ-9, GAD-7, history of hypoglycemia, and status of glycemic control) were stronger than the associations between the HFS-B and the criterion variables, we argue that HFS-B has lower validity than HFS-W. This conclusion is similar to findings from other studies. Two dimensions were found underlying HFS-B in a Swedish sample[@R15] and three dimensions were identified in a Norwegian sample.[@R16] The multidimensionality of the HFS-B subscale has been further proven in an international study.[@R14]

This study also showed that the reliability (internal consistency and test--retest reliability) for HFS-B was lower than for HFS-W. It suggests that HFS-B is less coherent and stable than HFS-W. Therefore, we recommend analyzing the HFS-B and HFS-W subscales separately when measuring fear of hypoglycemia in Singapore until the behavior of HFS-B is more clearly established in future studies. The Singapore version of the HFS-II showed good concurrent and discriminant validity, demonstrated by statistically significant positive correlations with depression and anxiety, significantly different scores for patients with or without a history of severe hypoglycemia and for patients with good or poor control of diabetes.

In our study, HFS-B1 and HFS-B3 were not frequently endorsed items. Singaporeans may not often employ snacking to avoid hypoglycemia, or may not consider portion sizes when they do. Interestingly, reducing insulin dosages in response to hypoglycemia is not a commonly employed strategy in our study population, whereas it was the most frequently strongly endorsed item in previous studies examining HFS-B.[@R12] Reducing insulin dosages may be an appropriate response to recurrent hypoglycemia. This finding may reflect patients' suboptimal understanding of diabetes self-management and a need to intensify patient education. Although HFS-B1 and HFS-B3 were not frequently endorsed in our study, they remain clinically important items and may be further evaluated in subsequent studies.

HFS-II and HFS-W scores were significantly higher for patients experiencing severe hypoglycemia in the past year than those who had not. However, there was no significant difference in the HFS-B scores between these two groups. This may suggest that those experiencing severe hypoglycemia were more worried about hypoglycemic episodes, but did not take steps to prevent future episodes, appropriate or otherwise. Possibilities include inadequate understanding of diabetes self-care, or significant hypoglycemia unawareness in this group, whereby patients lack symptoms of hypoglycemia that trigger compensatory behaviors until mentation is impaired. This parallels the findings of Gold *et al* in which patients with hypoglycemia unawareness worried more about hypoglycemia, but did not modify their behavior accordingly.[@R22] HFS-II, HFS-W, and HFS-B scores were higher in patients with poorer glycemic control (HbA1c ≥7.5%), reinforcing that hypoglycemia fear is a barrier to achieving glycemic targets.

Strengths and limitations {#s4a}
-------------------------

To our knowledge, ours is the first study aiming to adapt and validate the HFS-II in Singapore. A rigorous methodology was employed in the adaptation of the questionnaire for both the English-speaking and Mandarin-speaking Singaporean population.

One potential weakness of this study is the inclusion of patients with type 1 and 2 diabetes. Previously, the HFS-II instrument has been developed and validated mainly among patients with type 1 diabetes.[@R13] It is based on concerns that patients with type 1 diabetes receiving intensive insulin therapy may have different experiences with hypoglycemia and insulin dose adjustments compared with patients with type 2 diabetes receiving less intensive insulin regimens, such as basal insulin in combination with oral glucose-lowering medications. In our sample, only 10.5% of patients with type 2 diabetes were on basal insulin only, with the majority on more intensive insulin regimens. The patients with type 2 diabetes in our study likely have comparable experiences with hypoglycemia to patients with type 1 diabetes; thus, we have included them in our analysis.

Our study only included patients who were treated with insulin on follow-up at a specialist diabetes center. They may not be representative of individuals in other clinical settings, for example, patients in the primary healthcare setting or patients receiving only oral glucose-lowering medications. Further studies are also required to validate Malay and Tamil language versions of HFS-II for our multicultural society. Non-response bias may also influence results, as people who declined to participate may have different characteristics.

Summary {#s5}
=======

A valid and reliable instrument to measure the fear of hypoglycemia is essential to identify people with high levels of fear. This may allow us to use targeted interventions to address factors leading to hypoglycemic events and maladaptive behaviors preventing good glycemic control. These measures would improve the glycemic control and emotional well-being of people living with diabetes. The Singapore version of the HFS-II overall is a reliable instrument to measure the fear of hypoglycemia, though additional studies are needed to further characterize the HFS-B subscale in Singapore.

The authors extend their thanks and appreciation to Dr Linda Gonder-Frederick and the developers of the original HFS-II for allowing us to use their instrument and for approving our modifications to the version adapted for Singapore. The authors acknowledge the editorial assistance of Yeo Ai Ling, SingHealth Academy, for help with preparing the manuscript.

**Contributors:** AYRL and WBT were involved in the design of the study, acquisition and analysis of data, and drafting of the manuscript.

XHX was involved in the design of the study, analysis of data and drafting of the manuscript.

DS-L was involved in the analysis of data and drafting of the manuscript.

S-YG was involved in the design of the study and drafting of the manuscript.

**Funding:** This research received no specific grant from any funding agency in the public, commercial or not-for-profit sectors.

**Competing interests:** None declared.

**Patient consent:** Detail has been removed from this case description to ensure anonymity. The editors and reviewers have seen the detailed information available and are satisfied that the information backs up the case the authors are making.

**Ethics approval:** SingHealth Centralised Institutional Review Board (CIRB).

**Provenance and peer review:** Not commissioned; externally peer reviewed.

**Data sharing statement:** Consent for publication of fully anonymised raw data was obtained from study participants. Full datasets are available upon request from the corresponding author.

[^1]: The abstract was presented as a poster presentation at the American Association of Clinical Endocrinologists (AACE) 23rd Annual Scientific and Clinical Congress 2014.
